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The experiments reported in the present paper are a continuation 
of previous work dealing with the effect of light on the growth and 
malignancy of  a  transplantable  epithelial  neoplasm  of  the  rabbit 
(1) and are a part of a general study on the relationship of external 
conditions to the physical constitution of normal rabbits and to the 
reaction of rabbits  to certain experimental diseases. 
The belief that  there is  a  relationship between sunlight and the 
manifestations of  this  particular  tumor arose,  first,  from  the  fact 
that a characteristic feature of the disease is the seasonal variability 
of its behavior and, second, that a correlation could be drawn between 
the prevailing level of sunshine and changes in the curve of sunlight, 
on the one hand, and variations in malignancy of the tumor process, 
on  the  other  (2).  In  order  totest  this  belief,  experiments were 
carried out in  which conditions of light  could be  controlled.  The 
results of the  first  experiment (1)  showed that,  as  compared with 
rabbits living under ordinary indoor conditions of diffused sunlight, 
a  slightly lower plane of malignancy obtained in a group of rabbits 
kept in constant darkness but that a very low level prevailed in the 
group  exposed  to  constant  light.  The particular  type of  lighting 
(Mazda lamps  and mercury arcs in  crown glass)  employed in  this 
experiment,  however,  precluded  its  use  except  during  the  colder 
months,  so  that  a  different arrangement was  necessary to  permit 
experiments at other seasons of the year. 
In  the present paper,  4  experiments are reported in  which were 
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studied  the  effect  of  constant  illumination  with  Cooper  Hewitt 
mercury  arcs in crown glass and the effect of constant darkness upon 
the general course  and  manifestations of the malignant  disease. 
Methods  and  Material. 
The experiments were carried out from October 1,  1925,  to April 12,  1926.  3 
animal rooms with similar environmental conditions other than those of lighting 
were employed.  These rooms which will be referred to as the light, the dark and 
the control or unaltered room, respectively, have already been described in con- 
nection with the 1st experiment (1).  It is sufficient in the present report merely to 
call attention to the lighting arrangement of the light room which was the only 
feature in the equipment of the 3 rooms that was changed. 
A constant source of light was furnished by 13 Cooper Hewitt low pressure mer- 
cury ar~s, Type P, in crown glass arranged in 3 superimposed rows on an iron frame 
placed in the center of the room.  All other light was excluded.  The rabbit cages 
were placed in racks on either side of and parallel with the mercury arcs.  The 
intensity of light reaching the cages was not entirely uniform, those in the central 
portions of the racks receiving more light than those at the top and bottom or at 
the ends.  The average intensity was 200 foot candles. 
The spectrogram of the mercury arcs in crown glass shows  that  the  range  of 
light rays is from 3022  to 5790/~ngstrrm  units  with  the majority falling in  the 
3650 and 5790 portion of the spectrum. 
T.~ae temperature of the 3 rooms was satisfactorily maintained at  70  ° to  75°F. 
and the humidity of each varied with that of the outside air. 
The  rabbits  employed  were  males,  chosen  from  a  selected stock  and  were 
matched as to breed and type.  The majority were approximately 8 to 12 months 
old.  Each animal was separately caged and all were fed a similar diet of hay, oats 
and cabbage. 
The experiments were all conducted in the same manner.  Comparable groups 
of rabbits were  placed in  each  room  at  the  same  time  where  they  remained 
for the duration of the experiment.  After varying intervals, each group was in- 
oculated with the tumor.  All inoculations were made in one testicle with 0.3 cc. 
of an emulsion of an actively growing primary tumor.  This neoplasm is considered 
to be of epithelial origin (3). 
Frequent examinations of the rabbits were made, special attention being given to 
the general physical condition of the animals, the character of the primary tumor 
and the detection of metastases recognizable during life.  In addition, the rabbits 
were weighed at regular intervals.  Certain animals which  developed signs and 
symptoms of impending death were killed by an injection of air into the marginal 
ear vein.  The experiments were terminated 2 months after inoculation at which 
time all surviving animals were killed.  A  complete postmortem examination of 
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the incidence of metastatic tumors and the number,  distribution, size and state 
of these growths. 
The observations thus obtained have been used as a  basis for evaluating the 
effect of the particular light condition upon the general level of malignancy.  The 
results are considered from a group standpoint in order to minimize the factor of 
individual animal variation. 
The method used in analyzing the data on metastatic foci  obtained  at  post- 
mortem examination requires some explanation.  First, the sites or foci of second- 
ary tumors, not their actual number, are counted and hence the expressions "foci 
of metastases," "metastatic rate" or "distribution of metastases."  On the other 
hand, the number of metastases detected during life refers to the actual number 
found. 
Second, in order to classify the character of the disease in such general terms 
as high, moderate and low levels of malignancy, the metastatic foci have been 
grouped in the following divisions: 
I.  Suprarenals and eyes ................................  4 possible foci 
II. Extensions and implantations  to  the retroperitoneal and 
mediastinal tissues,  omentum,  mesentery  and  parietal 
peritoneum  ........................................  19  .... 
III. Lungs and pleura, liver, kidneys and pancreas ...........  5  "  " 
IV.  Skin and  subcutaneous  tissue,  superficial lymph  nodes, 
muscles, heart and pericardium, bones and bone marrow, 
glands of internal secretion with the exception of the su- 
prarenals, the spleen and the central nervous system .... 30  "  " 
The reasons for this classification have been stated in  the paper describing the 
results of the first experiment (I).  Suffice it to say here that in instances of low 
malignancy, metastases may be found only in the suprarenals and eyes, while in 
cases of high malignancy with death in 3 to 5 weeks after inoculation there may be 
a widespread distribution of tumor to many tissues and organs including the skin, 
muscles, bones and glands of internal secretion which  are practically never in- 
volved in instances of low malignancy.  An occasional exception to  this rule is 
met with in certain cases of tumors in the cranial sinuses or facial bones which may 
be the only metastases found. 
In the third place, the distribution of metastases has been considered upon a 
percentage basis of the possible sites of such growths as determined by the actual 
location of metastases in the first 20 generations of the tumor (4).  The percentage 
involvement for each rabbit was first obtained  and  these values were then  com- 
bined on a group basis to form what have been called "summation" values of meta- 
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Results. 
The  results of the 4  experiments consisting of clinical and post- 
mortem observations are presented in 4 tables and 2 charts, the latter 
being graphic representations of the distribution of metastatic loci. 
(Tables I, II, III and IV; Text-figs. 1 and 2.)  The experiments are 
arranged according to the length of exposure to constant illumination 
or constant darkness prior  to  inoculation, that  is,  Nos.  I  and  II, 4 
weeks; No. III, 5 weeks and No. IV,  16 weeks.  Since the duration 
of observation subsequent to inoculation was in each case 2 months, 
the  entire  period  of  exposure  to  these  conditions  was  as  follows: 
Nos.  I  and II,  12 weeks; No.  III,  13 weeks and No.  IV,  24  weeks. 
The  results  of  each  experiment  are  presented  in  the  order  of  the 
control, the dark and the light groups, respectively. 
Analysis  and Discussion  of Results. 
The purpose of these experiments was  to  determine whether the 
constant  exposure of rabbits  to  light  supplied  by mercury arcs  in 
crown glass and to continuous darkness influenced the general course 
and character of a  malignant tumor.  Recognizing the fact  that  an 
adequate  interpretation  of  results  obtained  in  experiments of  this 
nature implies  a  consideration of the  tumor process  in  as  compre- 
hensive a way as possible, the present analysis has included all features 
of the disease which are believed to be significant.  In addition,  the 
analysis has been made on a group basis in order to avoid indi~dual 
animal  variation,  and  the  results  obtained  under the  experimental 
light conditions have been compared, in each instance, with those of 
appropriate  control groups.  It will aid  to  a  clearer understanding 
of the evaluation of these comparisons if a  brief description of the 
disease in the 4  control groups be given first. 
General  Character of  the  Disease.--The  most  striking  feature 
of the tumor process in the control groups was the relatively low level 
of malignancy which prevailed in  all 4  experiments.  There was  a 
considerable variation  in  disease severity among the groups  but  in 
none of them was the average plane of malignancy high. 
As  far  as  general  procedure  was  concerned,  the  experiments 
differed in only 2  particulars,  that  is,  in  the time of year at  which LOUISE  PEARCE  AND  WADE  I-I. BROWN"  731 
they were carried out and second, in the length of exposure to constant 
illumination  and  to  constant  darkness  before inoculation which, of 
course, does not concern the control animals.  The dates of inocula- 
tion were as follows: 
Experiment  I, October  27, 1925. 
"  III, November  2, 1925. 
"  IV, January  29, 1926. 
"  II, February  11, 1926. 
The most pronounced disease developed in Experiments I  and III 
but the general plane of malignancy was low as compared with many 
series observed in previous years.  An even less severe disease occurred 
in the 2nd and 4th experiments, and in the case of No. II, the condi- 
tion was extremely mild.  The generally low level of malignancy as 
well as the group variations in disease severity are well illustrated by 
the differences in the mortality rates and in the incidence of metastases 
determined at  postmortem  examination as  shown by  the  following 
data: 
No. of rabbits  Incidence  of 
metastases 
Experiment 
~c 
I  ........................... 
III ........................... 
IV  ........................... 
II  ........................... 
Weighted average ...................... 
Mortality  rate 
11 
11 
5 
10 
37  21.6 
per Ce~I 
36.4 
27.3 
20.0 
0 
~er~n~ 
81.9 
63.6 
~.0 
30.0 
56.8 
Similar variations  in  metastatic incidence and  in  the death  rate 
were noted in a study of the first 20 generations of the tumor (5) but 
there were certain peculiarities of metastatic distribution in the pres- 
ent experiments, which were not wholly characteristic of the disease 
as previously  observed.  While this phase of  the  subject cannot  at 
present be discussed in detail, its occurrence should be noted and its 
most  pronounced  feature,  namely,  metastases to  the bones, briefly 
described  because  of  its  bearing  upon  the  experimental  results 
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As  compared with  the first 20 generations of the  tumor,  the inci- 
dence and distribution of bone metastases were as follows: 
Total No. of rabbits ................... 
Incidence of bone metastases  ........... 
Proportion of bone metastases to total 
foci  ............................... 
Distribution of bone lesions 
Facial bones  ........................ 
Calvaria ........................... 
Thorax ............................ 
Posterior extremities  ............... 
Spinal column  ..................... 
Anterior extremities  ................ 
First 20 generations,  Controls of these 
tumor  experiments 
191 
15 or 7.9 per cent 
13.2 per cent 
12 
6 
4 
4 
3 
1 
37 
6 or 16.2 per cent 
11.6 per cent 
16 
0 
1 
2 
1 
0 
Total bone lesions  ..................  30  20 
Although  the disparity in  the numbers of animals  in  the  2  series 
and the mixed nature of the material comprising the first 20 genera- 
tions does not strictly permit a comparison, still there are 2 particulars 
in  which  the  control rabbits  of these  experiments differed from the 
larger group.  In the first place,  there was  a  much higher incidence 
of bone lesions--16.2  as contrasted with 7.9 per cent and second, an 
increase  in  the  proportion  of  metastases  to the facial as  compared 
with  other  bones  (80.0  per  cent  as  contrasted  with 40.0 per cent). 
The  ratio  of  bone  metastases  to  the  total  number  of  secondary 
growths,  however,  was  practically  the  same  in  both  series.  From 
the  standpoint  of  animal  incidence,  the  bone  lesions  of  the  large 
series were almost equally divided between cases of fulminating malig- 
nancy and  animals with relatively malignant  but  slowly progressive 
tumors.  Among  the  present  controls, bone  lesions  occurred only in 
cases  of  comparatively  pronounced  malignancy.  There  were  no 
instances  in  the  controls  of  the  2nd  type  of malignancy,  which  is 
another point  in  which  the  character of the  disease  in  these experi- 
ments  differed from  that  previously observed.  The  tumor  process 
of the control rabbits fell, on the whole, into 2  classes, in  1 of which 
malignancy  was  fairly  well marked  while  in  the  other,  the  disease 
was very mild as evidenced by the absence of, or the few numbers of, 
metastases  found. LOUISE PEARCE AND  WADE H.  BROWN  733 
The  character  of  the  disease  in  the  groups  exposed  to  constant 
illumination and to constant darkness did not entirely conform in its 
general picture  to  that of the  controls,  and  these differences will be 
pointed out in the following analysis of the results obtained in these 
groups. 
TABLE  I. 
Analysis of Clinical Observations. 
...~  o  ~  "- 
wks. 
I  4  C.  11  All -t- 
D.  12  All -t- 
L.  12  All -t- 
i 
II  4  C.  10  4  +  ! 
D.  9  2+ 
L.  10  0 + 
III  5  C.  11  All -t- 
D.  12  All + 
L.  I0  All + 
IV  16  C.  5  2 -b 
D.  5  2+ 
L.  4  2+ 
Metastases 
Incidence  [ 
z  g 
5  45.5  13 
4  33.3  7 
3  25.0  8 
0  0 
2  22.2]  2 
0  0 
! 
i 
3  27.3  4 
2  16.7  4 
4  40.0  9 
2  40.0  10 
2  40.0  4 
0  0 
--'~ pe~cenl 
4 
3 
1 
0 
I  1i.1 
0 
27.3 
16.6 
30.0 
1  20.0 
1  20.0 
0 
Mortality 
Time after inoculation 
wks. 
36.4  4, 5½, 6~1", 7½ 
25.0  5, 6, 7½ 
8.3  3 
4, 5,  5½ 
4,  6 
4½, 5, 5½ 
6½ 
6½ 
C. = controls;  D.  =  group:~  exposed to constant darkness; L. = groups exposed 
to constant illumination. 
* Complicating empyema. 
Clinical Observations.--Under  this heading are discussed the primary 
tumor,  the  development of metastases  recognizable during  life  and 
the general physical condition of the animals. 
A  primary tumor developed in  all  animals  of Experiments  I  and 
III  (Table I).  In the others,  however,  there were  a  number of in- 
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Experiment IV  Experiment II 
t~er cent  per cent 
Controls .......................................  60.0  60.0 
Darks .........................................  60.0  77.8 
Lights .........................................  50.0  100.0 
Although  the  intratesticular  route  of  inoculation  has  yielded  an 
almost  uniform incidence of primary  tumors,  there have  been  in- 
stances in which none developed.  An error in technic with the inocu- 
lum deposited in the scrotal sac may have been responsible for some 
of these failures, but in 2  series inoculated in  the fall  of 1922,  the 
number of negative results were comparable to those of the present 
experiments (4).  In addition, it may be  noted that as far as Experi- 
ment IV was  concerned, the rabbits  had  been in  the laboratory  6 
months prior to  inoculation and 4  months under the conditions of 
the experiment--a period probably sufficient for the establishment of 
a  relative!y stable state of the organism.  It would appear, and this 
point will later  be  taken  up  in  greater  detail,  that  the  factors  of 
stability  or  changeability  as  applied  to  external  conditions  are  of 
prime importance in  influencing tumor malignancy, the first mani- 
festation of which is the growth capacity of the transplant. 
It was also observed in many rabbits kept in the light room that 
the testicles were reduced in size and became firmer, conditions which 
would not necessarily be conducive either to initial or to continued 
tissue growth.  Perhaps this factor in connection with the low degree 
of malignancy prevailing at the time was largely responsible for the 
completely negative results as regards the primary tumor in the light 
group of Experiment II. 
The  non-development  of  a  primary  tumor,  however,  was  not 
necessarily followed by an absence of growths in other parts of the 
body as shown by the following data compiled from Experiment II: 
Total No. of  Negative  Incidence of metastases 
rabbits  primary  results  wltla no primary tumors 
Controls ..........................  10  6  1 or 16.7 per cent 
D~.rks ............................  9  7  2"  28.6  "  " 
Lights ...........................  10  i0  1"  10.0  "  " LOUISE  PEARCE  AND  WADE  It.  BEOWI~  735 
The character of growth of the primary tumor differed under the 
various light conditions of the experiments.  On the whole, the largest 
tumors developed in the controls, and in general these groups showed 
a  definite tendency towards a  longer persistence of active primary 
growth as compared with an earlier regression in the tumors of the 
rabbits from the dark and light rooms.  The most irregular type of 
growth occurred in the rabbits kept in the dark room.  During the 
1st  week  after  inoculation,  little  difference  was  noted  between 
the  primary  tumors  of  these  rabbits  and  those  of  the  controls, 
but in the 2nd and 3rd weeks, the resemblance ceased.  It then be- 
came difficult to determine from clinical observation whether certain 
tumors in the dark series were growing.  Eventually, some tumors 
grew more rapidly than those in the controls, but in the majority of 
instances the speed and degree of growth were less marked. 
In the groups kept in the light room, on the other hand, the initial 
development of  the primary tumor was  definitely slower  and  less 
pronounced than  in  the  controls.  The majority of the  tumors  in 
these groups did not attain the size of those in the controls and in 
addition, regression took place earlier and was somewhat more rapid. 
There were certain instances, however, of very actively growing and 
extensive primary tumors, but  they were not  as  numerous as  in 
either the dark or the control groups. 
The condition of the primary tumors at postmortem examination 
was, on the whole, in harmony with the general character of the dis- 
ease at the time this was done, irrespective of the group to which the 
animal belonged.  Thus,  in rabbits  dying within 4 to 6 weeks after 
inoculation and in which metastases were  found to be more or less 
widely distributed, the primary tumors showed variable amounts of 
living tissue.  On the other hand, the growths in the animals living 
to the end of the observation period were in the majority of instances 
either healed or largely necrotic and heavily encapsulated. 
The incidence of metastases recognizable during life among control 
groups varied in the different experiments from 0  to 45.5 per cent 
(Table I).  While there was only  1 control group  (Experiment II) 
in  which no  secondary tumors  were  detected,  there  were  2  such 
groups from the light room (Experiments II and IV) and the incidence 
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among the groups kept in the dark room, the values being 16.7 to 
40.0  per cent.  If  the experiments are combined, the incidence of 
"clinical" metastases was: 
Total No. of  No. of 
rabbits w  ith  Rate 
rabbits  metastases 
per cenl 
Controls .................................  37  10  27.07 
Darks  ...................................  38  10  26.31 
Lights  ..................................  36  7  19.44 
The numbers of secondary tumors detected during life were--Con- 
trols 27,  Darks  17,  Lights  17.  There was  1 rabbit  from the light 
room (Experiment III) in which a malignant disease developed and 
the numerous growths in superficial  parts of the body of this rabbit 
considerably augment the total number of clinical metastases of the 
light groups.  On the other hand, there was observed among these 
rabbits the unusual occurrence of regression of metastases in super- 
ficial parts of the body.  The tumors of the iris in 2 rabbits healed 
during  the period of observation  and  in  a  3rd  animal  they were 
entirely necrotic at postmortem examination. 
Continuous exposure to constant illumination of mercury arcs in 
crown glass for 3 to 6 months did not appear to induce any outspoken 
deleterious effect upon the general state of health.  All rabbits were 
given a superabundance of food and those in the light room generally 
ate more than those in the dark or control rooms, particularly during 
the first weeks of the experiment.  The evidence furnished by body 
weight determinations, however, indicates that conditions of constant 
darkness were less favorable than those of constant illumination or of 
variable diffused sunlight.  The changes in mean body weights ex- 
pressed in percentage values of the initial weights are shown in Table 
II.  The first figures  for each experiment include all the rabbits in 
each group  while  the  second values  represent  only  those  animals 
which survived the observation period of 2 months.  On  the basis 
of both computations, the gains in body weight of the groups in the 
light room were approximately the  same or exceeded those in  the 
control room while in only 1 experiment, III, was this the case with 
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of the surviving rabbits  was not  as much as  that  of the surviving 
animals from the light room.  In the other 3 experiments, the groups 
from the dark room gained much less weight than the controls. 
These observations are in general agreement with those obtained 
in  previous  experiments  in  which  normal  rabbits  (6)  and  rabbits 
inoculated with Treponema pallidum (7)  or with the tumor (1)  were 
exposed to conditions of constant light or of constant darkness. 
Mortality.--The mortality rates of the control groups ranged from 
36.4 per cent in Experiment I to 0 per cent in Experiment II as is seen 
TABLE  II. 
Mean Body Weight.  Percentage Variations. 
II 
III 
IV 
All rabbits .......................... 
Survivors  ........................... 
All rabbits ......................... 
Survivors  ........................... 
All rabbits .......................... 
Survivors  ........................... 
All rabbits .......................... 
Survivors  ........................... 
Controls  Lights  Darks 
per cent 
+27.9 
+25.9 
+  10.6 
+10.6 
+22.4 
+20.9 
+33.5 
+35.4 
~r  cent 
+24.5 
+24.1 
+12.6 
+12.6 
+24.8 
+34.9 
+39.0 
+39.0 
~r cent 
+11.1 
+22.5 
+  2.2 
+  6.8 
+23.0 
+26.4 
+23.2 
+17.3 
in Table I.  The groups from the dark room showed less variations in 
this respect, that is from 25.0 to 11.1 per cent, and, as will be recalled, 
this was also the case in regard to the development of metastases in 
superficial parts of the body.  In 2 experiments, the rates were lower 
than those of the corresponding control groups (I and III), in another 
it was the same (IV), while in the last, it was slightly higher (II). 
The mortality rates of the light groups  also  varied considerably, 
from  30.0  to  0  per  cent,  but  the nature of this  variation  differed 
from that  of the controls in  that  there were no  deaths in  2  of the 
groups from the light room while the rates for the other groups were 
8.3  and 30.0 per cent as compared with 36.4  and  27.3  per cent for 
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The combined mortality rates for the 4 experiments were as follows: 
No. of rabbits  No. of deaths  Mortality rate 
per cent 
Controls ..................................  37  8  21.6 
Darks ....................................  38  7  18.4 
Lights  ........  35  4  11.1 
From  these  figures  as  well as  from  those  of individual  experiments, 
it is seen that the highest death rate occurred among the controls and 
the lowest in the groups kept under conditions of constant illumination 
while the rate for the groups from the dark room approximated  that 
of the controls. 
The great majority of the rabbits in the 4 experiments survived the 
observation period of 2 months, but  from  the  distribution  and char- 
acter  of  metastases  found  at  postmortem  examination,  it  is  likely 
that  a  number  would  ultimately  have  died  from  the  effects  of  the 
tumor.  In  some  of  these  animals,  a  considerable number of meta- 
static loci were found while in others, there was comparatively little 
tumor but  this  involved  such  structures  as  both  suprarenal  glands 
or the bones  of the jaw or  the  cranial  sinuses  and  adjacent  bones. 
The number of so  called probable  deaths was lowest in  the controls 
and highest among the dark groups as shown by the following figures: 
',ontrols. 
)arks.. 
,ights. 
No. of 
rabbits 
37 
38 
36 
I~o. 
of actual 
deaths 
No. of 
probable 
deaths 
Incidence of probable 
deaths 
Relative  Actual 
rate  rate 
per cent  per cent 
5.4  6.9 
23.7  29.0 
11.1  12.5 
The  actual death rate was,  as shown above,  slightly higher in the 
control than in the dark room groups, but if the number of probable 
deaths  is also  considered,  then  the highest  total mortality  occurred 
in the latter groups.  The lowest rates from both standpoints occurred 
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The  character  of the  disease in  the  instances  of probable deaths 
will be discussed later  in  connection with the distribution  of metas- 
tases,  but it may be said now that  the outstanding  feature of these 
cases  was  the  high  incidence  and  number  of secondary growths  in 
the bones.  This is of special interest in connection with the propor- 
tion of actual deaths directly caused by bone involvement and here 
again  the dark  group  showed by far  the highest  incidence. 
Controls  .............................. 
Darks  ................................ 
Lights ............................... 
Fatal metastases to bone 
Actual 
deaths 
~er cent 
37.8  All spine 
71.4  4 spine 
1 jaw 
.50.0  AU spine 
Postmortem  Observations of  Metastatic Fod.--Perhaps  the  most 
indicative  single  feature  of  the  tumor  process  for  evaluating  the 
general character of the disease is the distribution and state of second- 
ary growths. 
The metastatic  foci found  at postmortem  examination  have been 
analyzed,  first,  from  the point  of view of their  incidence  and  total 
number  and,  second,  from  their  distribution  to  certain  organs  and 
tissues.  As is shown in Table III, the incidence of secondary growths 
was practically the same in the control and dark groups of 2 experi- 
ments, I  and II, but it was considerably lower in the case of the light 
group,  while in  the  3rd  and 4th  experiments,  it  was practically  the 
same in  all 3  groups.  If the 4  experiments  be combined,  it  is seen 
from the following figures that there was little difference in the meta- 
static incidence for the controls and the rabbits from the dark room, 
but that  the rate for the light groups was considerably smaller. 
No. with  Incidence  No. of rabbits  metastases 
t~er cent 
Controls ..................................  37  2l  56.75 
Darks ....................................  38  23  60.52 
Lights ...................................  36  14  38.88 740  INFLUENCE  OF  LIGHT ON  TRANSPLANTABLE  NEOPLASM.  II 
The  total  number  of  sites  involved  by  secondary  growths  in  the 
control  groups  varied  greatly,  that  is,  from  6  to  74,  and  there  was 
much  the same variation  among the dark groups,  that is 13 to 69.  In 
2  experiments,  I  and  IV,  there  were  slightly  fewer  loci  among  the 
groups from the dark room than among the controls,  in No.  III, there 
was  the  same  number,  but  in  the  2nd  experiment,  there  were  more 
in  the  dark  group  due  to  a  single  instance  of a  comparatively  severe 
TABLE  III. 
Analysis  of Metastatic Foci as Observed at Postmortem Examination. 
d 
I  C.  11 
D.  12 
L.  12 
II  C.  10 
D.  9 
L.  10 
IIIl C.  11 
i D.  12 
L.  10 
I 
IV I C.  5 
D.  5 
L.  4 
Incidence 
Z 
9  81.9 
9  75.0 
4  3313 
3  30.C 
3  33.3 
1  10.c 
7  63.6 
9  75.01 
7  70.0 
I 
2  40.0 ! 
2  40.0 
2  50.0 
Rate 
.~. 
746.7  8.2 
695.8  7.7 
37 31-1 9.3 
6 0.6  2.0 
I31..4  4.3 
30?3  3.0 
58 5.3  8.3 
58 4.8  614 
44 4.4  6.3 
34 6.8 17.0 
15 3.0  7.5 
8  2.0  4.0 
No. of loci  in 
Deaths  Survivors 
4,  2,  1,  1,  1  26, 19, 14, 6* 
19, 6, 2, 
14 
10 
24,  15, 14 
12, 6 
20, 9¢ 7 
28 
13 
0 in 2 rabbits. 
24, 6, 5, 5, 1, 1  0  "3  " 
18, 13, 2  0  "  8  " 
3, 2, 1  0  "  7  " 
2, i  0  "  6  " 
3  0  "  9  " 
2,1,1,1  0"4  " 
19, 7, 5, 4, 2, 2,1  0"3  " 
3, 3,1,1  0"3  " 
6  0  "  3  " 
2  0  "  3  " 
7, 1  0  "  2  " 
* Complicating empyema. 
disease  in  an  entire  series  of  very  low  malignancy.  This  case  was 
probably  a  purely chance occurrence  which might have been included 
in  either  of  the other  groups,  but  it is perhaps  significant  that  it did 
not occur in  the light group.  The variation  in the numbers  of meta- 
static  foci was not  as marked  in  the light  groups--3  to 44,  and  there 
were fewer foci in all light  groups than  in  the corresponding  controls. 
This  difference  amounted  to  50.0  per  cent  in  Experiments  I  and  II, 
to 24.0 per cent in No.  III  and  to 76.0 per cent in No. IV, in terms of 
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The  relative  rate  of metastases,  that  is  the  number  of  foci  per 
rabbit, was uniformly the lowest in the case of all light groups while 
the rates for the dark groups were somewhat lower than  those of the 
controls except in Experiment  II.  The value of the relative as con- 
trasted with the actual rate in which only the animals with secondary 
growths are considered, lies in the fact that the latter is accentuated 
by the inclusion of 1 or 2 rabbits with numerous metastases.  Both 
rates, however, are useful in furnishing  information on the extent of 
variation  in  tumor  distribution.  In  these  experiments,  the  control 
groups  were characterized  by the most  irregular  distribution  while 
the groups from the dark room were the most uniform,  as  shown by 
the following figures: 
Metastatic loci  Controls  Datks  Lights 
Relative rate  I  ........ 
Actual rate 
II  ........ 
III ........ 
IV ........ 
I  ........ 
II ........ 
III ........ 
IV.~ ...... 
6.7 
0.6 
5.3 
6.8 
8.2 
2.0 
8.3 
17.0 
5.8 
1.4 
4.8 
3.0 
7.7 
4.3 
6.4 
7.5 
"3.1 
0.3 
4.4 
2.0 
9.3 
3.0 
6.3 
4.0 
If the  numbers  of foci in  the  different  experiments  be combined, 
the  greatest  number  together  with  the  highest  relative  and  actual 
rates  is  found  to have occurred in  the controls. 
Total No. of  foci  Relative rate  Actual rate 
C~ontrols ..................................  172  4.65  8.18 
Darks ....................................  155  3.89  6.43 
Lights ...................................  92  2.55  6.56 
As  compared  with  the  controls,  the  distribution  of  secondary 
growths was somewhat more restricted  among  the rabbits  from  the 
dark  room  and  markedly  so  in  the  animals  exposed  to  constant 
illumination.  On  the other hand,  it would appear  from these com- 
bined values that  as far  as the actual  rate  is  concerned,  tumor  dis- 742  INAFLUENCE  OF  LIGHT  ON  TRANSPLANTABLE  NEOPLASM.  I1 
tribution was as well marked in the light as in the dark series,  a fact 
which  alone  might  suggest  comparable  degrees  of disease  severity. 
That such was not the case has already been shown by such indices 
as  the  mortality  rate,  the  incidence  of metastases  and  the  total 
number of metastatic loci, and an additional demonstration is afforded 
by an analysis of the character of metastatic loci from the standpoint 
of the organs and tissues involved. 
TABLE  IV'. 
Summation  Values of Metastatic F oci. 
Experiment No.  ] 
II 
III 
IV 
Group 
C. 
D. 
L. 
C° 
D. 
L. 
C° 
D. 
L. 
C° 
D. 
L. 
Suprarenals 
and eyes 
~er ¢en~ 
250.0 
275.0 
75.0 
25.0 
100.0 
0 
75.0 
225.0 
275.0 
50.0 
125.0 
0 
Extensions and 
implantations 
~er Gen~ 
121.2 
136.7 
89.5 
10.6 
10.6 
5.3 
105.3 
110.6 
63.3 
63.1 
21.1 
21.1 
Lungs  and 
pleura, 
liver, kidneys, 
pancreas 
#er ceng 
200.0 
120.0 
120.0 
60.0 
60.0 
40.0 
220.0 
140.0 
120.0 
80.0 
40.0 
40.0 
Skin, subcutane- 
ous  tissue, 
superficial  lymph 
nodes,  bones, 
muscles endo- 
crine  glands, 
spleen, central 
nervous system 
~er cent 
103.1 
86.3 
36.7 
0 
13.2 
0 
82.0 
69.8 
26.7 
53.3 
13.3 
6.7 
Character of Metastic Involvement.--The method used in determining 
the relative  severity  of the  disease  from the particular  organs  and 
tissues involved has already been described in the section on Materials 
and Methods. 
In Text-fig. 1, the summation values of metastatic loci of the dark 
and light groups  are contrasted against those of the controls  (Table 
IV).  The most conspicuous feature of this chart are the 4  columns 
above the base line, representing  the greater distribution of metastases 
to the suprarenals  and eyes in 3 dark and 1 light group  (Experiments LOUISE  PEARCE  AND  WADE  H.  BROWN  743 
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iBai~  Light  ^Da~k  Li~Sht  ,,  ~a~k  Light ^ )at~k  L~ht 
and  pleura,  ~up.tymph in.,: 
Ridney~  muBc.,~ple.en, 
-p,  mc~eas  ~cl. ~siands, 
c~t.  ~e~v. o,. 
TExT-Fro. I.  Summation values of metastatic foci in individual experiments 
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II,  III  and  IV).  The disproportionate length of these columns as 
compared with the others is due, first, to the fact that there are only 
4 possible sites for secondary growths in this  division as contrasted 
with 5, 19 and 30 in the others, and, second, to the relative frequency 
of metastases to these organs in cases of low as well as of high malig- 
nancy.  In so far as severity of  the  disease  is concerned, however, 
secondary growths  in  the  suprarenals  and  eyes are of relative un- 
importance as  compared with those to  the viscera,  other glands of 
internal secretion, muscles, bones and skin, which in this  chart  are 
represented by the last 2 of each set of 4  columns.  In the case of 
the rabbits exposed to constant light, the distribution of metastases 
to these significant sites of possible tumor growths was, in each ex- 
periment, considerably less marked than it was with the controls as 
indicated by the length of the columns below the base line.  A further 
indication of the comparatively limited distribution of metastases in 
the light groups is brought out by the position of the first 2 columns 
representing extensions and implantations  to the deep lymph nodes 
and  serous  membranes  and  growths  in  the  suprarenals  and  eyes. 
These columns are in all but the one instance mentioned above (Ex- 
periment III) below the base line. 
As far as the groups from the dark room are concerned, reference 
to the chart shows that in 3 experiments, Nos. I, III and IV, metastases 
fo the viscera,  endocrine glands,  muscles, bones and skin were not 
as widely distributed as  they were in  the control groups,  but  that 
the difference was not as marked as it was in the case of the rabbits 
from the light room.  In Experiment II,  the distribution of tumor 
in the divisions of extensions and implantations  and of the viscera 
was the same as in the controls, but was slightly greater in the case 
of the division of skin,  bones,  etc.  This  exception, as has  already 
been mentioned, is due to the occurrence of 1 instance of a compara- 
tively severe disease in a series of low malignancy. 
The  last  chart  (Text-fig.  2)  in  which  the  summation values  for 
metastatic loci of the 4  experiments have been combined illustrates 
the outstanding features of the distribution of secondary growths in 
the rabbits exposed to constant illumination or to constant darkness, 
as  compared  with  those  kept  under  indoor  conditions  of  variable 
diffused sunlight.  In the case of the animals from the light room, LOUISE  PEARCE  AND  WADE  H.  BROWN  745 
there was a  much more limited distribution of tumor in all 4 divisions 
of metastatic loci, especially in the last division which is particularly 
involved in instances of pronounced malignancy.  In the case of the 
rabbits from the dark room, secondary growths were also less widely 
distributed to 3 divisions of possible tumor foci, but were more fre- 
quent in the division of the suprarenals and eyes.  As compared with 
the  light  groups,  the  reduction  of  summation  values  was  not  as 
pronounced. 
PeP 
cer~ 
~100 
-50 I 
-100 
TExT-FIG. 2.  Combined  summation values of metastatic  loci expressed in 
percentage  variations of control figures. 
In discussing the mortality rate, mention was made of the prob- 
ability th~at if certain rabbits  had been allowed to  live beyond the 
experimental period of 2  months,  they would ultimately have died 
from  the  effects of  tumor  growth  and  statistics  were given  which 
showed that the largest number of these cases was found in the groups 
from  the  dark  room.  This  aspect  of  the  disease  deserves  further 
discussion and may conveniently be considered at this point in con- 
nection with the general character of metastatic distribution. 
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groups of relatively  malignant but slowly progressive  tumors  (Table 
III).  Postmortem examination 2 months after inoculation revealed 
numerous  loci  of  secondary  growth  which  would  certainly  have 
brought about a  fatal termination had the animals been  allowed to 
live beyond the experimental period.  There were no  control  rabbits 
with this type of disease.  No difficulty is experienced in recognizing 
such cases of probable deaths, but there were 11 other rabbits which 
have been similarly classed because of the location and state  of the 
metastases,  although  these  were  comparatively  few  in  number. 
There were 7 such instances in the dark, 2 in the control and 2 in the 
light groups, respectively. 
The most frequent sites of secondary growths in this type of pre- 
sumably fatal disease are  the suprarenal glands, but in these experi- 
ments, there was also an unusual number of metastases to  the  bones 
of the face and jaws and the cranial sinuses, particularly in the rabbits 
from the dark room as shown by the following combined group figures: 
Probable 
deaths  omitting  Total foci  of  Foci of  bone metastases 
malignant  metastases 
cases 
Darks  ............................  7  27  6 or 22.2 per  cent 
Lights ...........................  2  10  1"  10.0  "  " 
Controls  .........................  2  9  0"  0  "  " 
These findings are in line with the greater incidence of bone metas- 
tases in the dark groups than in either the control or light series.  The 
observations  of  individual  experiments,  as  well  as  the  combined 
values  are  given  below  to  show that  this  condition  was present  in 
each experiment. 
Incidence  of Metastases  to Bone. 
Experiment  I ......... 
"  III  ........ 
"  IV ........ 
Total  ............... 
Controls 
No. of rabbits 
2  or 18.2 per cent 
0 
3"  27.3  "  " 
1"  20.0  "  " 
6"  16.2  "  " 
Darks 
No. of rabbits 
7 or 58.3 per cent 
1"  11.1  "  " 
5"  41.7  "  " 
2"  40.0  "  " 
15"  39.4  "  " 
L~h~ 
No. of rabbits 
2  or 16.7 per cent 
0 
3"  30.0  "  " 
1  "  25.0  "  " 
6"  16.7  "  " LOUISE PEARCE AND WADE  H. BROWN  747 
It will be recalled  that  in  discussing  the general  character  of the 
disease in  the control groups,  it was pointed out that  the incidence 
of bone lesions was considerably greater than  in the first 20 genera- 
tions  of  the  tumor.  The  above  data  show  that  in  respect  to  the 
incidence of this type of metastasis  the groups from the light  room 
did not  differ from the  controls,  but that  there was a  much  higher 
rate  among  the  dark  groups.  The  environment  of  constant  dark- 
ness  evidently  favored  the  increased  tendency  toward  bone  lesions 
prevailing at this time. 
The  foregoing  analysis  of  clinical  and  postmortem  data  may  be 
briefly summarized  at this point before discussing the significance of 
the results  obtained.  The  tumor  process in  the  control groups  ex- 
posed to variable diffused sunlight varied from a very mild condition 
in  1  experirn, ent  to  a  considerably  more  severe disease in 2 others, 
but in none of the 4 was a level of well marked malignancy attained. 
It was much more severe, however, than the disease which developed 
in  the groups  exposed to  constant  illumination  and  somewhat more 
so than in the groups kept in constant darkness.  As compared with 
the  controls  the light  groups were  characterized  by  the  following 
features :--an unusual number of failures to obtain a primary growth, 
less active and less extensive primary tumors, a lower mortality rate, 
a  lower incidence  and  a  smaller  number  of metastases  recognizable 
during  life and  at  postmortem  examination  and  a  much  greater  re- 
striction in the distribution of these growths.  It is significant, more- 
over,  that  the influence of constant  illumination  in  the direction  of 
diminished  malignancy  was observed at  times of mild  as well as of 
more severe disease. 
A similar comparison of dark groups showed that the growth of the 
primary tumors was more irregular but on the whole not as pronounced 
or as persistent as in the controls.  On the other hand,  the mortality 
rates and the incidence of metastases found during life and at autopsy 
were only slightly lower than control values.  The number of metas- 
tases, however, was smaller,  the relative and actual rates were lower 
and the distribution  of these growths was definitely more restricted. 
An interesting  aspect of the tumor process in  these rabbits was the 
tendency  toward  group  uniformity  in  regard  to  certain  features  of 
the disease.  Thus, in the 4 experiments the dark groups as compared 748  INFLUENCE  OF  LIGHT  ON"  TRANSPL&NTABLE  NEOPLASM'.  II 
with the control or the light series, showed less variation in the in- 
cidence of secondary growths recognizable during life, in the mortality 
rates and in the relative and actual rates of metastatic distribution. 
A  similar  tendency has  also  been  observed  in  the  dark  groups  of 
experiments with Treponema pallidum (7).  Although the influence of 
constant  darkness  was  exerted  toward  diminishing  tumor  malig- 
nancy, it was much less pronounced than that of constant illumina- 
tion, and, furthermore, it had little or no effect in the series in which 
the disease was  of a  mild character.  It  was  also  modified by  the 
peculiar  nature of  the  tumor  prodess  of  the  4  experiments,  which 
was  characterized by  a  high  incidence of bone  metastases  despite 
the moderate or low level of malignancy that prevailed.  Conditions 
of constant darkness were associated with a greatly increased incidence 
of these lesions which, due to their location in such sites as the spinal 
column and jaws, were directly responsible for a large proportion of 
actual as well as of probable deaths. 
The results of a previous experiment (1) with constant illumination 
(Mazda lamps and mercury arcs in crown glass)  and constant dark- 
ness  were of  the  same  order  of  diminished malignancy but  more 
striking.  This was especially true of the group from the light room 
and while the difference in the case of the dark group was not pro- 
nounced, it was definitely greater than  in  the current experiments. 
The present analysis would tend to show that the greater severity of 
the tumor process prevailing at the time of the previous experiment 
undoubtedly was 1 factor that influenced the particular character of 
tl~e  results  obtained.  The  2  types  of  illumination  must  also  be 
considered,  and  from  this  standpoint  the  combination  of  Mazda 
lamps with mercury arcs was more effective than the arcs alone, if 
one may judge from the single experiment in which the former system 
was used. 
It is obvious that before one can ascribe the effect of diminished 
malignancy  solely  to  the  influence of  constant  illumination  or  of 
constant darkness, other possible factors must be  considered.  The 
state or condition of the animal organism prior to exposure to these 
surroundings is  probably of considerable significance and it  is  con- 
ceivable that  different states  of the host might react in  a  different 
manner  to  these  conditions  of light  and  darkness  with  materially LOUISE  I~EARCE  AND  WADE  H.  BROWN  749 
dissimilar  results.  Indeed,  our  explanation  of  the  variations  in 
tumor malignancy is largely based upon the idea that resistant or 
susceptible states of the host are dependent upon different conditions 
of animal economy, which may be affected by innumerable factors. 
One must also take into account the fact that in these experiments, 
the animals were subjected to the influence of the factor of change 
incident to their removal from the variable diffused sunlight of the 
laboratory to constant conditions of continuous light or of continuous 
darkness.  Little is known of the importance of this factor in rela- 
tion  to  the  reaction of  animals  to  experimentally induced disease 
but  there are  certain observations with this  tumor  which  suggest 
that the effect of change in external conditions may manifest itself in 
the direction of increased malignancy.  For instance, in 1 experiment 
dealing with this question, the tumor process in a group of 10 rabbits 
recently brought to  the laboratory was much more severe than in a 
similar sized group assembled 2 months prior to inoculation. 
In order, therefore, that the influence of such a physical force as 
constant illumination on tumor malignancy be fully effective, it  is 
probable that some sort of initial adjustment or accommodation to 
the new environment must take place, as experiments begun before 
its  completion  would  necessarily  be  complicated  by  the  process 
whatever it may be.  The length of time required for such an adjust- 
ment under the conditions of these experiments is not known, but 
previous work dealing with the changes in organ weights of normal 
rabbits under similar environmental surroundings, suggested that a 
4 weeks' period was associated with relatively stable weights of most 
organs  (6).  Consequently, in  the majority of tumor experiments, 
inoculations have been carried out after 4 weeks' exposure to the light 
or dark conditions.  In this connection, the results of an inoculation 
after 2 weeks' ex~sure are of interest.  The group from the light 
room showed a less severe disease than the controls, but in the group 
from the dark room, the tumor process was distinctly more malignant. 
While the observations of  a  single  experiment are not  conclusive, 
the results of the dark group are in line with what might be expected 
if the 2 weeks period was not sufficient for the completion of adjust- 
ment to this condition.  Under these circumstances, the effect of the 
factor of change would still be operative and if its influence in the 750  INFLUENCE  OF  LIGHT  ON  TRANSPLANTABLE  NEOPLASM.  II 
direction of increased malignancy were sufficient, one would expect 
a  more severe disease.  On  the other hand,  a  2  weeks'  period was 
evidently sufficient  as  far  as  constant  illumination  was  concerned 
for the  establishment  of an  adjustment of the animal organism to 
this condition, or, and this may prove to be the correct explanation, 
the effect of the light might have been such as to mask or effectually 
modify the influence of other factors operating in  the  direction of 
increased malignancy. 
The  results  of  these  experiments  are  interpreted  as  furnishing 
evidence in support of the belief referred to in the beginning of this 
paper,  that  there  is  a  relation  between the factor of light  and the 
manifestations and course of the disease induced by a transplantable 
malignant neoplasm.  The mechanism by which the effects are pro- 
duced is not known.  We have considered the influence of the seasonal 
factor in this  condition and in experimental infections of the rabbit 
induced by Treponema pallidum as operating upon or affecting animal 
economy and susceptibility or resistance as a  functional activity of 
the animal organism.  From this standpoint,  it appears that resist- 
ance to  tumor growth as  displayed by rabbits  living under certain 
conditions of constant illumination  and  to  a  less  extent,  in  almost 
constant darkness, was more pronounced than it was in the case of 
control rabbits exposed to the daily fluctuations of diffused sunlight. 
SUMM~LRy. 
Experiments are reported  in  which  an  environment  of  constant 
and  continuous  light  with  a  wave-length  of  from  3022  to  5790 
~ngstrSm  units,  supplied  by mercury arcs in crown glass,  and  of 
constant  darkness,  have  influenced the  course  and  character of  a 
malignant disease of rabbits  induced by a  transplantable neoplasm. 
Under the influence of constant light the level of malignancy was 
lower  than  in  control  animals  living  under ordinary  conditions  of 
diffused  sunlight.  Under  the  influence of  constant  darkness  the 
level  of malignancy was  somewhat  lower  than  in  control  animals 
but the effect of this environment was modified by the special char- 
acter of tlie disease prevailing at  this  time.  The incidence of bone 
metastases was unusually high,  but it was greatly increased in  the 
rabbits  kept  in  constant  darkness. LOUISE PEARCE AND  WADE H.  BROWN  751 
These  observations  furnish  experimental  evidence  in  support  of 
the belief that  there  is  a  correlation  between  the  external  factor  of 
light and the manifestations of an experimental malignant disease. 
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